ABSTRACT Poultry litter is composted to reduce odor and pathogens and to improve its quality as a soil amendment. Organic material, e.g., sawdust, is added to increase the C:N ratio to achieve optimum degradation of organic C and retention of N through microbial biomass formation. However, the relative biodegradabilities of the organic material in poultry litter and the amendment are usually not known. Furthermore, it is assumed that as microorganisms metabolize organic compounds and produce CO2, they increase in biomass and, therefore, retain N. In this study, bench-scale compost reactors were used to determine the relative contributions of poultry litter and of the amendment (sawdust) to the biodegradability of a compost mix.
INTRODUCTION
In the southeastern U.S., bedding material for poultry houses is often pine shavings or peanut hulls. When litter (i.e., bedding material, manure, feathers, and wasted poultry feed) is periodically removed, it is used as a component of cattle feed or applied to surrounding land as a fertilizer (Koon et ah, 1992; Sharpley et ah, 1993; Termeer and Warman, 1993) . However, greater quantities of litter have been generated as poultry production has increased. Overapplication to nearby land can result in groundwater pollution (Collins et ah, 1993; Logsdon, 1993; Sharpley et ah, 1993) . Treatment by composting can reduce the volume and odor, destroy pathogens, and improve the quality of the material before land application (Henry and White, 1993) .
Because of the high N content of poultry litter (Brake et ah, 1992; Koon et ah, 1992) , an amendment is added to increase the C:N ratio. At present, the actual biodegradabilities of the different components of a compost mix are not considered or they are estimated from a limited number of literature values (Haug, 1993) . If the organic Approximately 29% of the volatiles lost from the poultry litter mix came from the sawdust. Fiber analyses revealed that only a small portion of cellulose was degraded. Although microbial subpopulations able to degrade selected macromolecules were present at varying levels, the overall level of microorganisms did not change markedly. Populations capable of degrading bacterial cell walls were present throughout the composting period, and microbiological assays indicated that inorganic nutrients were available to support limited microbial growth. These results suggest that N compounds and inorganic nutrients are recycled, rather than fixed during composting.
1996 Poultry Science 75:608-617 C of the amendment is not degraded during the relatively short composting period and N is lost by volatilization, then land application could result in soil N being incorporated by microorganisms that utilize the additional organic C. Therefore, less N would be available to support plant growth (Forster et ah, 1993) .
It is generally assumed that as microorganisms degrade organic compounds, they grow (produce biomass) and increase in numbers (Aasheim and Newbry, 1985a,b; Nakasaki et ah, 1985; Finstein et ah, 1986; McKinley et ah, 1986) . If active microorganisms in the compost incorporate minerals from the waste into biomass (Golueke, 1992) , then depletion of any of these nutrients would limit the composting process. Alternatively, composting may involve the sequential growth and degradation of subpopulations, where no significant change in the overall levels of microorganisms or inorganic nutrient requirements occurs.
In this investigation, bench-scale reactors were employed to determine the relative proportions of poultry litter and of amendment (sawdust) that were degraded in the compost mix. Samples were removed periodically to follow changes in subpopulations involved in degradation of specific classes of macromolecules and to measure the overall levels of microorganisms. Nitrogen content and availability of other inorganic nutrients were measured throughout the 29-d composting period.
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MATERIALS AND METHODS

Compost Reactors and Mixes
The compost reactors consisted of a 0.028 m 3 inner chamber into which the compost mix was placed, and an air-filled outer chamber. A computer interface2 was used to monitor the temperature of the composting mixtures and to control energy applied to a heat tracing tape wrapped around the outer wall of the insulating chamber. The outer chamber surface was warmed at a rate comparable to the metabolic heat generated by microorganisms in the mix to minimize energy loss through the reactor walls (less than 10% of heat generated). Another computer interfaced with temperature probes and an air flow controller regulated the volume of unmoistened air flowing through the reactors.
3 Air flow was regulated so that temperatures did not exceed 55 C. This computer was also interfaced with sensors to monitor CO2 and O2 levels.
Poultry litter (PL), mixed with pine sawdust to adjust the C:N ratio to 25:1, was composted in two reactors. The solids content of the compost mix (PL mix) was adjusted to 40% dry solids and approximately 13.6 kg of this mixture (2.5 kg poultry litter, 7.4 kg sawdust, and 3.7 kg distilled water) were packed into each reactor. Two more reactors were each loaded with about 13.6 kg of sawdust, adjusted with nutrient-supplemented water to a C:N ratio of 25:1 and a solids content of 40% (11.6 kg sawdust and 2.0 kg water). The nutrient-supplemented water contained 225 mL 1M phosphate buffer (pH 7.0), 10 mL trace minerals (Greer et al, 1990) , 269 g (NH 4 ) 2 S0 4 , 0.05 kg poultry litter as inoculum, and distilled water to bring the final volume to 2.25 L. All four reactors were operated in a vertical position, rotated 180° three times per week, and the inlet and outlet air supplies reversed to redistribute moisture through the reactors. Samples were always removed from the same end of the reactors. Air exiting the reactors was routed through condensers to trap water, allowing measurement of water lost from the composts.
Sample Processing
Random samples (150 g) of the compost mixes were removed on Days 1 (initial mix), 4,8,11,15,18,22,25, and 29 . A 50-g portion was used to determine dry weight (105 C overnight) and ash content (550 C for 4 h). Two 50-g portions were each placed into separate Waring 4 blenders containing 500 mL of distilled water and blended 2 LabTech, Inc., Wilmington, MA 01887. 5 m before triplicate, 10-mL aliquots were removed and serially diluted for assays described below. The remaining blended mixture was centrifuged 5 (12,000 x g, 30 m). The pellets from each bottle were combined and stored (-20 C) for fiber analyses. The supernate was collected and stored at 4 C.
Microbiological Methods
Standard plate counts were performed with serially diluted samples using tryptic soy agar (TSA).
6 Spotplating involved placing 10 pL of each serial dilution onto prelabelled spots of various media. The level of sensitivity of this method is 10-fold changes. Media used for spotplating included Sabouraud, 7 TSA, and a minimal medium (Greer et al, 1990) . Also, various macromolecules supplemented with 0.025% yeast extract were overlaid onto a minimal medium for spot-plating. The macromolecules used in the overlays were casein, 7 cellulose, 8 poultry litter, starch, 9 and bacterial cell walls. Cell-wall media were prepared by inoculating tryptic soy broth (half strength) with the appropriate microorganism and allowing growth with agitation for 3 d at 23 C. Cells were pelleted (10,000 x g, 30 m), washed 3 times with distilled water, and the cell pellets combined. Six grams of pelleted cells, 0.025 g yeast extract, and 2 g agar were added per 100 mL of minimal medium. After autoclaving the medium, 10 mL were overlaid onto minimal medium agar. All plates were incubated at 23 C to allow enumeration of mesophiles and at 55 C for thermophiles. Plates were examined after 4 d incubation. Levels of growth represent the most diluted sample in which microorganisms were detected. Exoenzyme production was determined from the most diluted sample in which microorganisms produced visually detectable zones of clearing of the various macromolecules. Growth on each medium was corrected for growth on minimal medium with no carbon source added by subtracting the amount of growth on minimal medium from the amount of growth on the various macromolecules. An advantage of spot-plate technique is that activities of microbial consortia, rather than those of isolated colonies, can be monitored. Metabolic activities of microorganisms in consortia are known to differ from those of microorganisms in isolated colonies (McKinley et al., 1986; Fogarty and Tuovinen, 1991; Golueke, 1992) .
Total levels of microorganisms were determined microscopically by a modification of the 4'6-diamidino-2-phenylindole 8 (DAPI) technique (0.1 mg/mL, 30 min contact time) (Porter and Feig, 1980) . Adenosine triphosphate (ATP) was determined by the internal standard method of Chung and Neethling (1988) . Nutrient availability was determined in duplicate. Each of the 10 treatments were performed in 250-L Erlenmeyer flasks containing 10 mL supernate and 8 mL distilled water. Each flask was inoculated with 0.1 mL of a mixed microbial population from a fresh ODS suspension (OD 590 nm = 0.05). Optical density (590 nm) was deter- mined,™ the flasks agitated at 250 rpm, 23 CU for 24 h, and the final optical densities recorded. All optical density readings were normalized so that the completely supplemented flasks equaled 1.00.
Analytical Methods
Total Kjeldahl nitrogen (TKN) content of the pellet from the blended samples was determined using a TKN apparatus 12 according to manufacturer's directions. Ammonia and nitrate concentrations were determined with specific ion electrodes (Orioni3 models 95-12, ammonia-N, and 93-07, nitrate-N). Fiber content of samples was determined by the method of Goering and VanSoest (1970) .
Statistical Analyses
Differences between means were statistically analyzed by linear regression, ANOVA, or t tests using Microsoft® Excel Version 5.0 14 after determining that appropriate statistical requirements had been met. Comparisons of frequencies of occurrence were examined using the log likelihood ratio test for goodness of fit (G statistic) (Sokal and Rohlf, 1981) . All a were set at 0.05.
RESULTS AND DISCUSSION
Metabolic Activity
After a 20-h lag, the temperature of the PL mix increased rapidly to 55 C (thermophilic range), remained During the 690 h (29 d) of composting, an average of 928 g of C0 2 (n = 2, SD = 21) were produced from the PL mix and 248 g from the sawdust (n = 2, SD = 0) (Figures lb and 2b, respectively). The majority (> 90%) of CO2 production had occurred by Hour 400 (Day 16) in both the PL mix and the sawdust.
When the hourly rate of CO2 production from the PL mix was plotted, at least three peaks of metabolic activity were noted within the first 100 h (Day 4) (Figure lc). The first peak occurred at about the time that thermophilic conditions were reached. The other peaks could reflect changes in microbial populations or in enzymatic activities as different compounds were degraded. Hourly CO2 production from the sawdust (Figure 2c ) was never above 1.5 g/h, as compared to the peak of 15 g/h seen in the PL mix (Figure lc) , indicating that the amendment contributed only a small amount of readily degradable organic C to the compost mix.
Biodegradability Coefficient
The biodegradability coefficient (weight of volatiles lost per weight of total volatiles in the mix) for the PL mix was 0.12, and 0.05 for the sawdust (Table 2) . These values are not statistically different (t = 3.34, df = 1). Based on the degradability of the sawdust and its quantity in the mix, 29% of the volatiles lost from the PL mix came from sawdust. When the volatiles lost from the sawdust were subtracted, the biodegradability coefficient for the PL was 0.27. 
Levels of Microorganisms
The number of mesophilic microorganisms detected by spread plate counts of the PL mix on TSA did not change significantly (t = 3.40, df = 1) [2.95 x 108 to 1.50 x 108 ce ll s per gram of dry solids (ds), data not shown], Thermophiles also did not increase significantly (t = 0.98, df = 1) (9.80 x 10 7 to 2.55 x 10 8 cells per gram of ds) over the 29-d composting period (data not shown). In the sawdust, counts of mesophilic and thermophilic microorganisms on TSA did not change significantly (t = 7.99, df = 1, and t = 3.68, df = 1, respectively), from 1.02 x 109 to 2.83 x 108 cells per gram of ds for mesophiles and from 7.21 x 10 7 to 4.04 x 10 7 cells per gram of ds for thermophiles, but levels of mesophiles were higher than those of thermophiles (t = 2.86, df = 3). Similarly, Campbell et al. (1990) reported higher levels of mesophiles than of thermophiles in barks composted in bench-scale reactors.
Because spread plate counts underestimate the level of microorganisms (Chung and Neethling, 1988; Vestal and White, 1989; Pichtel and Hayes, 1990) , staining with a fluorescent dye (DAPI) was used to provide a more accurate assessment of the level of microorganisms (Porter and Feig, 1980) . Based on counts of cells stained with DAPI (Table 3) , the level of microorganisms changed significantly in both PL mix (F = 35.49, df = 171) and sawdust (F = 3.32, df = 171) throughout the composting period; however, these changes were less than 5% in the PL mix and 7% in the sawdust.
Although a fivefold increase in average cell volume would hardly be noticeable under the microscope, it could account for an increase in metabolic activity without an increase in cell numbers. Levels of ATP have been used to estimate viable microbial biomass independent of countable cells (Lehtokari et al, 1983; Garcia et al, 1993) . There was no significant change in the level of ATP in the PL mix or in the sawdust (data not presented), indicating that there was no significant increase in biomass. Similar results (DAPI counts and ATP levels) were achieved with oxidation ditch sludge composted under similar conditions (Atkinson et al, 1996) .
Activities of the Microbial Population
Although the overall level of microorganisms did not change markedly, shifts in subpopulations with specific metabolic activities could have occurred. Changes in subpopulations capable of degrading specific macromolecules were, therefore, monitored by the spot-plate technique.
Fungi were observed on Sabouraud agar on every sampling date for PL mix and sawdust (Table 4 ). In both the PL mix and the sawdust, mesophilic and thermophilic fungi were observed with equal frequency (G = 0.45 and 1.85, respectively). Mesophilic and thermophilic fungi were observed with greater frequency in the sawdust than in the PL mix (G = 27.13, and G = 10.53, respectively).
On TSA spot plates, the level of mesophiles in the PL mix decreased 100-fold during the first 4 d of composting (t = 4.24, df = 4), then slowly increased 10,000-fold to a relatively stable level by Day 18 (t = 4.95, df = 4; Table 5 ). This increase reflects growth of a subpopulation capable of growth at both 23 and above 50 C. Thermophiles in the PL mix apparently increased 1,000-fold during the first 8 d, however the increase was not significant due to the large standard deviation of Day 1 samples (SD = 10 4 ) (t = 1.22, df = 2). The level of thermophiles then remained relatively constant (t = 0, df = 2). The presence of high levels of thermophiles (e.g., 10
10 cells per gram ds on Day 29) after temperatures had decreased below 50 C represents a subpopulation capable of surviving at both 23 C and 50 C. In the sawdust (Table 6) , mesophiles decreased 100-fold (t = 5, df = 2) on TSA plates when temperatures exceeded 50 C (Day 10) (Figure 2a) . As the temperature of the compost decreased, the level of mesophiles did not change significantly. The level of thermophiles increased significantly (t = 2.774, df = 2) between Days 11 and 15, after the temperature of the compost had exceeded 55 C (about Day 13), suggesting the presence of a subpopulation capable of surviving at both 23 and 50 C.
On PL overlays, mesophiles in the PL mix increased 100-fold between Days 4 and 11 (t = 4, df = 2) (Table 5) when temperatures were in the thermophilic range (Figure la) . The initial level of thermophiles in PL mix was 10 9 cells per gram ds, but by Day 4 had dropped 10,000-fold (f = 3.88, df = 2) (Table 5) , which is consistent with the CO2 profile (Figure lc) . Mesophiles from the sawdust apparently increased 1,000-fold through Day 8, however the increase was not significant (f = 0.57, df = 2) due to the large variance from Day 1 samples (SD = 10
3 )
( Table 6 ). Levels of mesophiles from sawdust decreased when temperatures were above 50 C (t = 3, df = 2). The apparent increase between Days 15 and 18, after temperatures dropped below 50 C (see Figure 2a) , was not significant {t = 1.39, df = 2). The level of thermophiles from sawdust did not change significantly throughout composting, which is consistent with the short thermophilic phase. No clearing of the PL medium was observed. This can be accounted for by the presence of undegradable particulate matter. It has been demonstrated that microorganisms will feed on other microorganisms (Fredrickson, 1977) . Production of exoenzymes capable of degrading cell wall components, but not live cells, has been observed in oxidation ditch sludge compost (Atkinson et ah, 1996) . There was no significant change in levels of mesophiles (F = 0.06, df = 26) and thermophiles (F = 0.73, df = 26) on Gram-negative cell wall plates (Table 5) . Similarly, no significant change in the levels of mesophiles (F = 1.29, df = 26) and thermophiles (F = 0.002, df = 26) was observed on Gram- 
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Gram positive 9/9 6/6 7/5 7/5 7/6 6/-8/6 6/6 7/5 9/9 6/5 7/7 7/7 8/6 8/-9/5 6/6 8/8 26). Exoenzyme production by mesophilic microorganisms on Gram-negative and Gram-positive cell wall plates varied significantly throughout composting (F = 12.79, df = 26 and F = 4.31, df = 26, respectively). Exoenzyme production by thermophiles on Gram-negative cell wall plates was relatively stable (F = 0.22, df = 26), but production on Gram-positive cell walls decreased significantly (F = 7.09, df = 26). These data agree with the findings of Diaz-Ravifta et al. (1989b , 1993a , Ross and Sparling (1993) , and Atkinson et al. (1996) that microbial biomass degradation, as a means of recycling nutrients, exists in soils and composts. Another digestible component of PL is protein (Akbar et al, 1987) . On casein, PL mix mesophiles decreased significantly through Day 18 (Table 5 ) (F = 9, df = 17). The level of thermophiles varied, but not significantly (F = 0.33, df = 26) throughout the composting period. In the sawdust, mesophiles grew at relatively constant, high levels through Day 18 (F = 0.42, df = 17), and thermophiles followed a similar pattern through Day 15 (F = 1.22, df = 14) ( Table 6 ). Levels of mesophiles and thermophiles did not change as the temperature changed (Figures la and  2a) , which indicates that subpopulations tolerant of both temperature ranges must be present. Production of exoenzymes was highly variable from mesophiles in both the PL mix (F = 13.09, df = 26) and the sawdust (F = 14.15, df = 26) (Tables 5 and 6, respectively). Exoenzyme production from thermophiles in the PL mix did not change significantly (F = 0.07, df = 26), whereas production by thermophiles in the sawdust fluctuated significantly (F = 5.48, df = 26). This variability may be due to changes in the composition of the microbial community, induction or inhibition of enzymatic activity, or changes in the natural substrate.
The level of mesophiles and thermophiles in the PL mix growing on starch did not change significantly during composting (F = 0.24, df = 26 and F = 3.59, df = 26, respectively) (Table 5 ). In the sawdust, levels of mesophiles fluctuated significantly throughout composting (F = 7.36, df = 26), whereas the level of thermophiles did not change significantly (F = 2.62, df = 26; Table 6 ). Exoenzyme production by PL mix mesophiles remained relatively stable throughout composting (F = 0.35, df = 26). Exoenzyme production by PL mix thermophiles (F = 10.61, df = 26), sawdust mesophiles (F = 31.21, df = 26), and sawdust thermophiles (F = 9.71, df = 26) was more evident in the earlier stages of composting (Tables 5 and 6 , respectively).
Growth by microorganisms from the PL mix and the sawdust was generally lower on cellulose plates than any other macromolecule tested (Tables 5 and 6 ). There was a significant decrease in the level of microorganisms after Day 8: PL mix mesophiles (F = 10.92, df = 19); PL mix thermophiles (F = 13.57, df = 19); sawdust mesophiles (F = 18.24, df = 19); and sawdust thermophiles (F = 12.90, df = 19). From Day 15 to Day 29, microorganisms from both PL mix and sawdust were near or below the detection limit. These observations are consistent with low levels of cellulose degradation detected by fiber analysis (see below). Although others (Diaz-Ravifta et al, 1989a , Garcia et al, 1993 have found high levels of cellulose-degrading enzymes in compost, in this study, no exoenzyme production was noted. The lack of visible clearing may be due to the presence of microorganisms that degrade 10/10 9/9 9/9 8/7 8/7 9/9 8/8 10/9 6/6 9/9 7/7 9/9 7/6 9/9 7/7 8/8
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cellulose without producing exoenzymes (Stanier et al, 1986) .
Fiber Analysis
Samples of the composts were analyzed to determine which classes of components were degraded. In forage fiber analyses, the neutral-detergent soluble fraction is considered to contain the readily-digestible components (e.g., starch, protein), whereas the insoluble portion (neutral-detergent fiber) (e.g., cellulose) must first be degraded by microorganisms prior to adsorption and digestion. During 29 d of composting, neutral-detergent fibers decreased significantly (t = 15.49, df = 2) in the PL mix (approximately 16%) and in the sawdust (t = 4.518, df = 2, approximately 3%) ( Table 1) .
Acid-detergent removes hemicellulose and soluble components, leaving mainly lignin, cellulose, and ash in the acid-detergent fibers. Acid-detergent fiber content did not change significantly in the PL mix (t = 2.77, df = 2), but changed significantly in the sawdust (t = 13.57, df = 2). Estimated hemicellulose lost during composting was significant (58%) in the PL mix (t = 5.43, df = 2), but the hemicellulose content of sawdust showed a small, but statistically insignificant (t = -0.92, df = 2), increase, probably the result of polymers being degraded to aciddetergent-soluble hemicellulosic forms. Lignin content of both PL mix and sawdust increased (3 and 9%, respectively) as a result of nonenzymatic browning (Goering and VanSoest, 1970) , or as a result of the production of "ligninlike" substances during decomposition (Berg et al, 1984) . However, neither increase was significant. Cellulose content decreased significantly, 12% in the PL mix and 2% in the sawdust (t = 7.85, df = 2 and t = 88.01, df = 2, respectively). Ash and Other content of the PL mix did not change significantly. Ash content of the sawdust increased (t = 4.31, df = 2), whereas Other did not change significantly.
Nutrient Availability in Aqueous Fraction
During composting of both PL mix and of sawdust, high levels of metabolic activity were observed, whereas the overall level of microorganisms remained relatively constant. Cycling of dissolved nutrients is known to influence microbial levels and activities in streams and wastewaters (Mandelbaum and Hadar, 1990; Aichinger et al, 1992; Quails and Haines, 1992; Mazzarino et al, 1993) . The constant numbers of microorganisms and simultaneously active metabolism in the composts could be accounted for by cycling of nutrients and biomass turnover.
Nutrients available for microbial growth were assessed in the aqueous extract of both the PL mix and the sawdust (Table 7) . Growth in the extract alone was determined from Treatment 1. Maximum growth with complete supplementation was determined from Treatment 6. Data from each sample were normalized by setting the optical density of Treatment 6 to equal 1.00.
Regression analysis showed that growth in each treatment of PL mix extract did not change significantly throughout the composting period. Treatment 7 showed that there was very little soluble organic C in the PL mix extract, indicating that insoluble organic material was metabolized. These results are similar to those observed with other composts (Atkinson, 1996) . Levels of growth obtained in Treatment 2 show that inorganic nutrients were present, but at low levels. Based on this amount of growth, there would be enough inorganic nutrients to support growth of up to 10 10 cells per gram of ds, which would not result in a detectable change in the overall level of microorganisms.
Regression analysis revealed that the concentration of nutrients in the sawdust extract supported increased levels of microbial growth over the composting period (F = 12.86; Table 7 ). This may explain the changes in levels of growth observed in Treatments 2 (F = 6.06), 7 (F = 10.23), 8 (F = 8.54), 9 (F = 10.19), and 10 (F = 8.94). Quantities of available inorganic nutrients decreased by about 50% after Day 4 (Treatment 2). Based on levels of growth in Treatment 2, sufficient inorganic nutrients were added to the sawdust to support the growth of up to 101° cells per gram of ds. This growth would result in a two-fold increase in the overall level of microorganisms, which would not be detectable by DAPI or ATP analyses.
Nitrogen Content
Ammonia in the PL mix reactors decreased significantly during composting, from a total of 87 to 27 g (data not presented). Measurements on the condensate water indicated that nearly 90% of the ammonia loss occurred within the first 8 d. This result is consistent with the findings of Hansen et al. (1993) who found that 85% of ammonia volatilization occurred during the first 4 to 5 d of composting. Mean TKN also decreased significantly over the composting period, from 82 to 23 g (data not presented). Nitrate was below the detection limits in the PL mix throughout the experiment (data not presented). Based on the volatile solids and total N content of PL mix at the end of the experiment, the ON ratio increased fourfold. Consequently, the addition of this compost to soil could result in N depletion, if the remaining organic C (e.g., cellulose) were slowly degraded.
Ammonia in the sawdust reactors decreased significantly from a total of 69 to 49 g (data not presented). Little ammonia (about 4 g) was detected in the condensate. The smaller loss in ammonia from the sawdust was attributed to the addition of phosphate buffer which kept the pH lower than in the PL mix and, therefore, allowed less ammonia to be volatilized.
Conclusions
The biodegradabilities of the composts were 0.12 for the PL mix and 0.05 for the sawdust. Based on the biodegrada- (Greer et al, 1990) .
2 N = 0.1 mL (NH 4 ) 2 S0 4 (concentrated lOOx) (Greer et al, 1990 ).
3 M = 0.1 mL MgS0 4 (concentrated lOOx) and 10 jtL trace minerals (Greer et al, 1990 ). bility of the sawdust, the biodegradability of the PL alone was 0.27. In the PL mix, the PL contributed 71% whereas the sawdust contributed 29% of the degradable organic C. Although only a small portion of the volatiles was reduced during composting, the total volume of the PL mix was reduced by 40%. This reduction in volume would result in lower transportation costs because less material would have to be trucked to sites for land application. Based on DAPI and ATP analyses, the overall level of microorganisms did not change markedly, but subpopulations producing extracellular enzymes varied throughout composting. The presence of microbial populations capable of degrading cell wall components suggests that nitrogenous compounds and inorganic nutrients incorporated into biomass may be recycled through biomass turnover. Although cellulose was a major component of the PL mix and the sawdust, little was degraded.
